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PROCESS FOR LYOPHILIZING CELLS, CELL-LIKE 
MATERIALS AND PLATELETS IN A NIXTORE 
OF BIOCOMPATIBLE AMPHIPATHIC POLYMERS 

FIELD OP THB T>IVgMTTr>M 

5 This invention relates to the general field of 

biochemistry and aedical sciences, and specifically 
to processes for the preservation, storage and 
reconstitution of cells, particularly red blood cells 
and platelets, and cell-liJce aaterials (such as 
10 heaosoaes) . 

BACKGROUND AND SUMMARY OF THE INVENTION 

Laboratory cell preservation and storage have been 
significant probleas for a variety of plant and 
aniaal cells. Freezing the cells in an aqueous 

15 solution and thawing the cells prior to use is not 
uneoaaon, but the viability of the cells after this 
process can be affected. In addition, the expense of 
keeping the cells frozen is significant, especially 
when liquid nitrogen is used to maintain the frozen 

20 cells at -196*0. Liquid nitrogen storage is 

cumbersome when large numbers of frozen samples or 
cell culture lineages have to be maintained. 
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Por •xaapU, th«r. ha. b«.n a n.ad for i»prov.d 
mathods for tha storaga of blood and blood 
conatituanta. Tha pradominant rola for dalivary of 
oxygan froa tha lungs to paripharal tiaauas is 
5 carriad out by arythrocytaa, 1^, rad blood calls 
(RBC) . Tha oxygan i. fumiahad from tha lungs by an 
axchanga-diffuaion syataa brought about by a rad. 
Iron-containing protain callad haaoglobin which ' 
conprisas >oat of tha total call protain in a aatura 
10 rad call. Whan haaoglobin eeabinas with oxygan, 

oxyhaaoglobin ia f oraad and aftar oxygan is givan up 
to tha tissuas, tha oxyhaaoglobin ia raducad to 
daoxyhaaoglobin. 



15 



20 



25 



Tha rad call maabrana is coaposad of two aajor 
structural units, tha aaabrana bilayar and a 
cytoaJcalaton. A lipid bilayar and intagral aaabrana 
protains fora tha aaabrana bilayar, which haa littla 
structural strangth and fragaants raadily by 
vasiculation. Tha othar aajor coaponant, tha 
aaabrana skalaton, stabilisas tha aaabrana bilayar 
and providaa rasistanca to daforaation. Tha 
cytoaJcalaton is linkad to tha bilayar in tha 
arythrocyta aaabrana, possibly by lipid-protain as 
wall as protain-protain associations. Tha 
haaoglobin, and othar RBC coaponants, are contained 
within tha rad call aaabrana. 



In adults, bona aarrow ia active in the foraation of 
new rad blood calla. Onca new erythrocytes enter the 
blood, thaaa calls have an average lifetiae of about 
30 120 days. In an average person, about 0.83% of the 
erythrocytes are destroyed each day by phagocytosis, 
haaolysis or aechanical damage in the body, and the 
depleted cells are renewed from the bone aarrow. 
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A vide variety of injuries and medical procedxires 
require the transfusion of whole blood or a variety 
of blood conponents. Every patient does not require 
whole blood and, in fact, the presence of all of the 
5 blood conponents can cause medical problems. Separate 
blood fractions can be stored under those special 
conditions best suited to assure their biological 
activity at the time of transfusion. For example, 
when donor blood is received at a processing center, 

10 erythrocytes are separated and stored by various 
methods. Such cells are storable in citrate- 
phosphate-dextrose at 4»c for up to five weeks, 
generally as a unit of packed erythrocytes having a 
volume of from 200 to 300 ml and a hematocrit value 

15 (expressed as corpuscular volume percent) of 70 to 
90. Erythrocytes may also be treated with glycerol 
and then frozen at from -30* to -196 "C and stored for 
up to seven years in a glycerol solution, but must be 
Jcept frozen at low temperatures in order to survive 

20 sufficiently for transfusion. Both these methods 

require careful maintenance of storage temperatxire to 
avoid disruption of the desired biological activity 
of the erythrocytes. Current practice involves 
frozen storage of packed red cells in 40% w/v 

25 glycerol in -80*C mechanical freezers. The thawed 
cells must be washed extensively with sterile saline 
to remove the glycerol prior to transfusion. This 
glycerol freeze-thaw method provides a twenty-four 
hour survival time for at least 70% of the transfused 

30 cells, which is considered to be an acceptable level 
for use in transfusion practice in accordance with 
the American Association of Blood Bank standards. 

It has thus been a desideratum to obtain a method for 
the storage of cells, and in particular red blood 
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cllB, Which !• not dep«id«nt on thm maintenance of 
specific storage temperatures or other storage 
conditions, such a method would facilitate the 
availability of erythrocytes and platelets for 
medical purposes and assist in the storage and 
shipment of various mammalian cells and plant cells, 
particularly protoplasts, for research and hybrid 
cell culture development. 



10 



20 



one such desired method has been the lyophilization 
(freeie-drying) of cells, since such cells could be 
stored at room temperature for an extended period of 
time and easily reconstituted for use. Freese-dried 
cells (such as erythrocytes, platelets, or cell-like 
"•^•J^i'l' •uch as, hemosomes) could thus be easily 
15 stored for use in transfusions. However, prior to 
our invention, it has been not practically feasible 
to freese-dry cells in a manner which permits the 
reconstitution of the cells, in the case of 
•rythrocytes, to form erythrocytes with an intact 
cell membrane, cytoskeleton and biologically-active 
hemoglobin, i.e., viable red blood cells. When RBCs 
have been lyophilised according to previous methods, 
for example in either an aqueous or phosphate- 
buffered saline (PBS) solution, the reconstituted 
cells are damaged to the extent that the cells are 
not capable of metabolising, or the cell hemoglobin 
cannot carry oxygen or the cells lyse upon 
rehydration and are not useful for transfusion. 
Clutaraldehyde-fixed erythrocytes, which have been 
30 lyophilised and reconstituted, have found use 

primarily in agglutination assays, in which only the 
preservation of certain cell surface antigens is 
desired. These fixed cells are aetabolically non- 



25 
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viable and are tansultable for use in transfusion 
aedicine. 



The process of the present invention allows for the 
lyophilization of red blood cells or platelets under 
5 conditions vhich are not deleterious to the structure 
and the biological activity of the cell, and which 
peraits the reconstitution of the lyophilized red 
blood cells or platelets to fom cells in which the 
biological activity found in freshly collected cells 

10 is preserved at useful levels. The cells may be from 
in xitCfi culttires, peripheral blood cells, blood stem 
cells, or cell-liXe naterials, such as liposomes, 
hemosomes or cell membrane ghosts. Furthermore, 
these may be mammalian cells, hybridoma cells, or any 

15 other type of cell. 



Briefly, the process comprises immersing a plurality 
of cells in an essentially isotonic aqueous solution 
containing a carbohydrate, and a mixture of at least 
two types of amphipathic polymers, freezing the 
20 solution, and drying the solution to yield freeze* 
dried cells which, when reconstituted, produce a 
significant percentage of intact and viable cells. 



While the invention is applicable to a wide variety 
of plant and animal cells, the process of the 

25 invention is preferably applied to red blood cells or 
platelets and allows for the lyophilization under 
conditions which maintain structure of the cell and 
the biological activity of the hemoglobin, and which 
permits the reconstitution of the lyophilized red 

30 blood cells or platelets to allow use on a 

therapeutic level. The carbohydrate of the invention 
is biologically compatible with the cells, that is, 



non-toxic and non-dl«ruptiv« to th« ells, and is 
praf«rably ona which pannaatas, or is capabla of 
parmaating, tha nanbrane of tha calls, such 
aanbrana-parBaant carbohydratas apparantly protact 
tha intracallular conponants, to includa tha 
oxyhaaoglobin, from fraazing and drying daaaga. 

Tha carbohydrata may ba salaetad from tha group 
consisting of ■onoaaccharidas. sinca disaccharidas do 
not appaar to paraaata tha naabrana to any 
significant axtant. Monoaaccharida pantoaas and 
haxosas ara prafarrad in concantrations of froa about 
7.0 to 37.5%, prafarably about 23%. Xyloaa, glucoaa, 
riboaa, aannosa and fructoaa ara amployad to 
particular advantaga. 

The use of a nixtura of water soluble, biologically 
conpatibla aaphipathic polynars in addition to tha 
carbohydrata adds significantly to tha percentage of 
biologically-active heaoglobin (in the case of red 
blood cells) which is retained in the cells and 
recovered after reconatitution of red blood cells 
after lyophilization. Retention of cell hemoglobin 
provides an easy assay for cell lysis or leakiness; 
use of polymers in the present invention appears to 
minimize loss of cell hemoglobin and therefore 
preserves cell integrity. The polymers will 
preferably be amphipathic, meaning that there are 
hydrophilic and hydrophobic portions on a single 
molecule of the polymer. Tha mixture of polymers may 
be present in the buffered lyophilization solution in 
total concentrations of from 0.7% (by weight) up to 
saturation. Preferably, each of tha polymer types in 
the mixture has a molecular weight in the range of 
from about IK to about 600K (number average molecular 
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w«ight). Pr«f«rably, at l«ast one of the types of 
polyaers of the mixture will preferably have a 
aolecular weight from about 5K to 400K, and most 
preferably from 2 OK to 360K. Also, one of the types 
5 of polymers of the mixture will preferably have a 
molecular weight in the range of about lOOK to about 
600K, most preferably in the range of about 100-500K. 
For a mixture of two different polymer types, each of 
the polymer types may be present in a concentration 

10 of from about .35% (by weight) up to its limit of 
solubility in the buffered lyophilization solution. 
Polymers selected from the group consisting of 
polyvinylpyrrolidone (PVP) , polyvinylpyrrolidone 
derivatives, dextran, dextran derivatives, amino acid 

15 based polymers (i.fi. , proteins) and hydroxyethyl 
starch (BES) may be employed. Other amphipathic 
polymers may be used, such as poloxamers in any of 
their various forms. In a preferred embodiment, a 
mixture of PVP (molecular weight in the range of 

20 about 20K-360K) and HES (molecular weight in the 

range of about 100K-500K) is employed in the buffered 
lyophilization solution. 



The use of the carbohydrate-polymer solution in the 
lyophilization of red blood cells allows for the 

25 recovery of intact cells, a significant percentage of 
which contain biologically-active hemoglobin. While 
not intending to be bound by any theory, the 
amphipathic properties of the polymer allow them to 
bind to the cell membrane while protecting the 

30 membrane surface by extension of the hydrophilic 
portion into the aqueous environment. This may 
alleviate the damage to the cell membrane which 
causes other problems, such as cell aggregation. 
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In addition, th« lyophiliiation buffar as van as the 
raconstitution buf f ar or washing buffer >ay further 
contain certain suppleaants which are particularly 
u«.ful if the cells are cellular blood aatter 
including red cells, platelets, lyaphocytes, stem 
cslls; or othar cell-liXe natarials such as 
liposo.es, heaosomes or .eabrane ghosts. While not 
intending to be limited by theory, it is believed 
that the suppl.««,ts fall into three categories which 
••rve to enhance the lyophilization, raconstitution 
or washing processes in certain ways, one class of 
supplements comprises antioxidants such as 
glutathione or alpha-tocopherol. it is believed that 
•uch antioxidants assist a cell in reducing oxidation 
damage (such as by cell membrane lipid peroxidation) 
which may otherwise occur during lyophilization or 
raconstitution. A second class of supplements 
comprises chelating agents such as EDTA or 
desfarrioxamine, which have the ability to scavenge 
20 free iron ralaasad from the degradation of cellular 
hemoglobin. The free iron or hemichromes are 
detrimental since they may in turn catalyse oxidative 
damage to cells, a third class of supplements 
comprises amino acid based polymers (1^, peptides 
and proteins) , such as serum albumin which may act as 
a coating agent to coat the surface of the cells, 
thereby minimizing the formation of cell-cell 
aggregates. 



In particular, preferred supplements include 
30 glutathiona (6SH) preferably in a concentration of i- 
60 mM in the buffer (either lyophilization, 
raconstitution or wash buffer) ; alpha-tocopharol, 
preferably in the concentration of 1-3 mg/gm rbc; 
EDTA in a preferred concentration of l-io mM; 
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(l«»f«rrioxainine in a concentration of 1-10 nM; and 
albumin in a concentration of 0.5-14% (w/v) . Either 
huaan or bovine serum albumins are preferred. 

As is shown by the embodiments set forth below, the 
5 described solutions provide media which permit cells, 
particularly red blood cells, to be subjected to the 
strssses of freezing, water stiblimation and 
reconstitution and to form freese-dried cells which 
may bs reconstituted to yield cells which are capable 
10 of fiinctioning normally. 

Unless indicated otherwise by the terminology or the 
context, all psrcentages set forth herein are 
expressed as wsight/volume percentages f i.*. . weight 
of the solute versus the total volume of the 
15 solution) . 

BRIEF DESCRIPTTOM OP THB nP^WTHftfi 

FIG. 1 is a graph of the methamoglobin half -life in 
samples of reconstituted lyophilized RBCs according 
to the invention and non-lyophilized RBCs. 

20 FIG. 2 is a graph of the linear regression of 

methemoglobin over time in reconstituted lyophilized 
RBCs according to the invention and non-lyophilized 
RBCs. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

25 As noted above, the process of the invention provides 
media for the lyophilization of erythrocytes. 
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Th« t«nn lyophilization is broadly dafinad as 
fraazing a substanca and than raducing tha 
concantration of ona of tha aolvants, naaaly water, 
by aubliaation and daaorption, to lavala which will 
no longar support biological or chaaical raactions. 
Usually, tha drying stap is accomplishad in a high 
vacuua. Howavar, with raapact to tha storage of 
calls and particularly erythrocytes, the extent of 
drying (tha anount of residual moisture) is of 
critical iaportanca in the ability of cells to 
withstand long-tarn storage at room teaperatura. In 
tha Bethod of the invention, cells aay be lyophilized 
to a residual water content of less than 10%, 
preferably lass than 5%, and aost preferably to a 
wter content of leas than 3%. 

Tha buffered lyophilization solution may contain, in 
addition to tha Bonosaccharida and aBphipathic 
polyBar Bixture, adjuvants, buffering agents, salts, 
cofactora, and tha like. A particularly preferred 
lyophilization buffer contains the following 
coBponents: 



10.0 bM Glutathione (reduced) 3.07 g/l 

10. 0 BM Znosine 2.68 g/i 

5.0 bM Adenine o.69 a/l 
0.75 BM nicotinic acid o.09 o/l 
0.75 bK Glutaaina 0.11 g/l 
0.49 BM MgClj • 6H2O o.lO g/l 
1.47 bM KB2PO4 0.20 g/l 

8.1 BM Ma2HP04 • 7H2O 2.17 g/l 
1.7 M Dextroaa 306.3 g/i 
3.0 wt/v % PVP(HW360K) 30.0 g/l 

15.0 wt/V % M-HES(KW 500K) 150.0 g/l 



In a typical lyophilization procedure, whole blood or 
packed red blood cells are washed on a COBE 2991 cell 
washer with dextrose saline by an automated protocol 
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dasigned to yield a l«\ikocyte-£r«« packad red cell 
suspension. 

The cells are mixed with lyophilization buffer at a 
heaatocrit of 30%-40%. 

The lyophilization buffer is as described above, with 
the polyner mixture used in each test set forth in 
Table 1. As a control, one run was performed using 
only 20% 24X PVP as the polymer. 

The sample is then placed on a conventional 
pharmaceutical shelf freese-dryer and the samples are 
then frozen on the refrigerated shelf, then vacuum is 
applied and the sample is allowed to dry until the 
sample is thoroughly dried as determined by a 58% 
weight loss. 

To reconstitute the dried samples, an equal volume of 
pre-warmed reeonstitution buffer at 27 •c is added to 
samples and agitated until sample is fully hydrated. 
Preferably the reeonstitution buffer will contain a 
polymer as described above in connection with the 
lyophilization buffer (concentration preferably in 
the range of about 1-20 wt. %) which is amphipathic 
having a KW in the range of 1-600K, preferably l- 
360K. 



A preferred reeonstitution buffer is as follows: 



5.0 mM ATP 2.76 g/1 
1.47 mM KH2PO4 0.20 g/1 

8.1 mM Na2HP04 • 7H2O 2.17 g/1 
19.0% lOK PVP 190.0 g/1 
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Por the t««t, reconstituted eaaple is prediluted with 
an equal volune of reconstitution buffer and agitated 
until thoroughly mixed. The reconstituted and 
prediluted cells are centrifuged at roon teaperature. 

5 Another reconstitution buffer is as follows: 



2.0 BMKCl 0.15 g/1 
1.47 BM KH2PO4 0.20 S/1 

100.7 BMHaCl* 6!47 S/l 

8.1 SM Ha2HP04 1.15 J/i 
10 19.0% 24K P$P 19S.3 1)1 



The reconstituted saaple is prediluted with an equal 
volume of reconstitution buffer and swirled until 
thoroughly nixed. At this point the cell suspension 
can be aeeptically transferred to a sterile, enclosed 
15 cell washing system such as the COBE model 2991 cell 
washer. The reconstituted and prediluted cells are 
centrifuged at room temperature to collect the cells. 

Pallet is resuspended in wash buffer and 
centrifuged. The wash buffer will preferably contain 
20 a polymer as described above in connection with the 
lyophilization buffer (concentration preferably in 
the range of about 1-20 wt/v %) which is amphipathic 
having a MW in the range of 1-600K, preferably 1- 
360K. 



25 The preferred wash buffer is as follows: 



10.0 mM Znosine 2.68 g/1 

5.0 mM Adenine o.69 g/1 

0.75 mM Nicotinic acid o.09 g/1 

0.75 mM Glutamine o.ll g/1 

30 0.49 mM MgClj SHjO 0.10 g/1 

30.0 mM KCl 2.24 g/1 

30.0 mM NaCl 1.75 g/1 

10.0 mM Na2HP04 • 7H2O 2.68 g/1 
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20.0 aM Glucose 3.60 g/1 

16.0% 40K PVP 160.0 g/1 
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Another wash buffer Is as follows: 



PCT/US91/03544 



10.0 aM Inosine o.is c/i 

5.0 BM Adanin* o.69 l/i 

0.75 aM Nicotinic acid o.09 g/l 

5 0.75 aM Glutaaina o.ii l/i 

0.49 MgCl, 6H,0 0.10 

75:0 aM Maci JiJJ J^J 

10 20.0 BM Glucose 3 gn a/l 

16.0% 24KPVP leoiog/l 

An optional step involves a diluent buffer step to 
eliminate any fragile cells. The pellet is 
resuspended in a diluent buffer at a 10-50 fold 
15 dilution and centrifuged. 



The preferred diluent buffer is as follows: 

129.5 aM Nad 7.57 g/l 

5.0 aM Na2HP04 • 7H2O 1,34 g/i 

Another diluent buffer is as follows: 



20 61.1 aM SodiuB Pyrophosphate 16.23 g/l 

1.19 aM KCl 0.15 g/l 

0.88 aM KH2PO4 0.12 1/1 

11.1 aM NaCl o.65 g/l 

4.86 aM NajHPO^ 0.69 a/1 

25 8.89 aM AtI * 4.9 g/l 



The pellet is resuspended in the final solution, 
transfusion buffer, and centrifuged. This step is 
repeated once. The transfusion buffer will 
PT*frahly contain a polymer as described above in 
30 connection with the lyophilization buffer 

(concentration preferably in the range of about 1-20 
weight/ V %) which is anphipathic having a MW in the 
range of I-6OOK, preferably 1-lOK. 
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The preferred transfusion buffer is as follows; 



77.0 nM NaCl 4.50 g/1 

5,0 nM Na2HP04 • 7H2O 1.34 g/1 

10.0 nM Glucose 1.80 9/I 

10.0% 2.5X PVP 100.0 g/1 



Another transfusion buffer is as follows: 



68.4 nM NaCl 4.00 g/1 

5.0 nM Ma2HP04 o.71 g/1 

10.0 nM Glucose 1.80 g/1 

10 10.0% 2.5K PVP 100.0 g/1 

To detemlne the henoglobin recovery a 200 uL sanple 
of cells is centrifuged for 5 nin. at 5000 rpn. The 
pellet and supernatant are separated and 180 uL of 
water is added to the pellet, which is lysed by 
15 vortexing. To each sanple 1 nL of Orabkins reagent 
is added, and after standing at R.T for 15 nin. the 
absor bancs at 540 nn. Recovery - X540 pellet /A540 
pellet ^ A540 supernatant. 

To detemine whole blood stability of reconstituted 
20 cells, ^^Cr as sodiun chronate in a 1 nCi/nl sterile 
NaCl solution is added to a sanple of reconstituted 
cells. 5aCi of ^^Cr is added for every 0.1 nl of 
packed RBC pellet. The labelled pellet is incubated 
15 nin. at 3TC after which the labelling reaction is 
25 stopped by addition of 1 ul of ascorbic acid (50ng/nl 
in buffer) to every 0.1 nl of pellet. The pellet is 
then allowed to incubate another 5 nin. at roon 
tenperature. The labelled sanple is then washed 2 to 
3 tines in transfusion buffer. An aliqniot of 
30 labelled cells is then transferred to 5 nl of 

autologous whole blood and the stability detemined 



/1SS04 

PCr/US91/03544 

-16- 

by til* lysiB of lab«ll«d c^lla at 

24 hour.. P^^""^* ^° 

Th. a.ount of free "cr in the supernatant aft«r 
c«»trifuging indicates the amount of cell iy.i.. por 
conveni^ce, a 4-hpur incubation i. used, since lysis 
(if any) is coiQ>iate by then. 

^^11^'''!^"*"' ^* ^•«-) -^ow the 

•tability and integrity of the lyophili.ed, 

constituted red blood cell.. The sicr binds to the 

internal cell hemoglobin, and i. releaeed into the 

•••ay «»pematant (therefore, lo.t) if the cells 

ly... Thus, retention of "cr in the pellet .easures 

cell integrity. The high cell stability indicates 

sufficient cell preservation to be useful for 

diagnostic use, or for use in transfusion .edicine. 

The following exaaples are provided by way of 
illustration. ^ y or 

EXAMPT.ff 1 

Lyophili«ed reconstituted huaan red cells tested 
using the above procedures. Red cells were 
lyophilixed using one polymer or a polymer mixture, 
and the whole blood stability of s^cr labeled 
reconstituted cells was studied. The reconstituted 
cells were processed using an automated cell washer 
as described in Example 2. The results are described 
as follows (Table I) : 
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It can be ■••n that by using a nixtura of polyners 
the 4-hr. vhola blood stability of lyophilized 
reconstituted red cells is significantly inproved 
over use of one polyaer (PVP) alone. 



This exaaple illustrates use of an autoaated blood 
bank cell washer. Packed red blood cells are aixed 
in a container with lyophilitation buffer at a 
hematocrit of 30%. The lyophilization buffer is as 
described above, with the polyner mixture used 
containing 3% 360K PVP and 15% 500K HES. 

The container is then placed in a standard shelf 
lyophilizer (Virtis SRC-15 Lyophilizer) and frozen. 
The frozen sample is then placed under a vacuum of 
10-30 mtorr. The sample is allowed to dry, with a 
total weight loss of 58±2%. The sample is returned to 
room temperature and the vacuum is removed. 

To reconstitute the dried samples, an equal volxane of 
pre-warmed reconstitution buffer at 37 'C is added to 
samples and swirled until sample is fully hydrated. 
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The r«con8titution buffer is as dsscrib«d in 
Exaapls 1. 



10 



15 



Ths r.constitutsd sample is prsdilutsd with an aqual 
voliaa Of rsconstitution buffsr and swirlsd until 
thoroughly mixed. The reconstituted and prediluted 
cells are transferred to a COBE 2991 Blood Cell 
Hasher, centrifuged at 3000 rpm for 20 minutes, and 
repeated until all of the reconstitution buffer 
volums is addsd to the Cobe bag. The cells are 
washed by the automatic protocol of the cell Washer 
with the following solutions described in Example i: 
1. Wash buffer: 500 ml, ix, 3000 rpm, 20 
minutes . 

Pallets washed with Diluent buffer: 500 ml, 

IX, 3000 rpm, 5 minutes. 
Transfusion buffer: 500 ml, 4X, 3000 rpm, 
5 minutes. 



2. 



3. 
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This example shows the use of the automated cell 
washing equipment with the disclosed centrifugation 
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conditions, to prepare reconstituted, washed huaan 
red cells. 



EXAMPLE 3 

The procedure described in Exanple 1 was repeated 
5 with the substitution of 200K HES for 500K EES in a 
given HES/PVP polyaer aixture in the lyophilization 
buffer. All other conditions were the same as those 
in Exaaple l. The results are described in Table 3. 
the use of 500K HES is Mrginally preferred over 200K 
10 HES in the polyaer mixture. 



TABLE 3 
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EXAMPLE A 



20 The procedure described in Example l was repeated 
with lyophilization buffers using 40% hematocrit 
mixtures with washed red blood cells. The polymer 
composition used in these lyophilization buffers, was 
5:15% 24K PVP:SOOK HES. The glucose concentration in 

25 the 40% lyophilization buffers is increased to 2.3 M 
(441.37 g/1) . All other conditions were the same as 
those in Example l. The results are described as 
follows: 
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TABT.E A 
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Th. 4.hr. whol. blood .tabllity va. .ignificantly 
incr««..d using a polymar .ixtura as co^«i to 
using a singls polyasr. 



10 



15 



20 



Ths data shown in Tabls 5 indicate significant 
iaprovsmsnt in th* os«otic stability, Mxi«u« call 
dsf oraability (DI mtx) , and csll dansity in calls 
lyophilitad with tha buffars modif iad with various 
suppliants. Th* osmotic stability assay was don* 
with "cr radiolab*l*d c*lls. c*ll d*nsity was 
datar»in*d using discontinuous (st*p) d*nsity 
gradiant cwitrifugation, which is a standard 
laboratory proc«lura. Th* B*thod and aquipaant to 
B*asura th* DI aax is publishad in Mohandas, N. , 
Clarlc, M.R., Haalth, B.P., Rossi, M. , Wolfa, L.C., 
Lus, S.E., and Shohat, S.B. (1985) Blood 5a, 768-774. 



-21- 





1 P*IMIgtgf 


Ficrt Celli 


10 mM 
OSH 

ln.4) 


40BMOSH 
14% tfrmatn 

in-n 


lOmMOSH 

iU nM Ci/IA 1 

rn - 2) 




1 SttMliiy(%) 


»]00 






7L0 4/i4.4 t 


5 


j MCV(in 


■9.9 47.34 
(■-56) 




0*4 


64.2 4/«d6 






3a7 ♦Al.9 
(««i6) 


20.1 ♦/•L6 


17^ 






MCHC (%) 


(•-56) 


27 J ♦/-1.7 










95*100 


9U ♦ /*74 




9M ♦/•l^ 1 


10 


nBat% 
NtetHb 


M 






2.1 4/4156 1 




nMi% 


0*1 




A 
U 


IjO 4/4J)16 1 




Dl (aw) 


(a - 29) 


0J75 ♦/-aoi7 


0473 


050B 4/4J016 1 


15 


Dl(mai)» 


100 


594 ♦/-4jO 


713 


717 ♦/-O^ 1 






UO 


too 4/41002 


1J092 


ijoaas 4/4000 1 



OI(aM) ■ « luB 50% or ilM Oi(au) OMwnd vUi bwb nd Mill. 



-22- 



10 



15 



20 




25 



30 



35 



40 



in the following Table. 6 and 7, on* particular 
advantage of including albuain in the lyophilization 
buffer is ehown (the experiaent of Table 7 ia the 
•aae as the 40 aM 6SH 14% albuain coluan in Table 
5) in teras of a draaatic iaproveaent in the cell 
density profile. 

Table 6 and 7 ehov the fraction of lyophilized 
reconstituted huaan red cells that sediaent above or 
below a solution (the density step gradient 
-cushion") of a known solution density. The percent 
of cells below the density cushion (i.s., having a 
cell density greater than the solution density) is 
indicated. The saae percentage profile for noraal 
huaan red cells as a control is also shown. 
The lyophilization buffer was as described in Example 
1, suppleaented with GSH or GSH/albumin. one can see 
that the huaan red cells lyophilized in the above 
lyophilization buffer containing GSH and albumin 
supplements is shifted to near normal, which is also 
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r«fl«ct«d by th« high avcrag* call density (i.092 
9/ml as shown in Table 5) . Such a population of 
calls with naar-nomal dansity can be expected to 
have excellent cell aorphology, with reduced daoage 
5 due to processing, and aini«al cell-cell aggregation. 
Comparable tests using an antioxidant such as 6SH 
alone do not yield such high cell density (1.083 ■»•/- 
0.002 g/Bl as shown in Table 5, or 1.086 using 40 nM 
GSH alone as sho%fn in Table 6) . One can appreciate 
10 from the data that small differences in cell density 
translate into significant improvements in cell 
quality, with minimal cell-cell aggregates. 
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TABI.F 7 



40 BM GSH + 14% w/v Albumin Lyo. Buffer 
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30 EXAMPLK 7 



Blood was Obtained from six healthy adult individuals 
with no history of either hemoglobinopathy or 
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abnoraal RBC ■•tabolisa. Blood wa« withdrawn from 
•aeh donor into plastic tranafar baga (Panwal 
Laboratoriaa, Daarfiald, 111) containing 63aL of 
citrata phoaphata daxtrosa-adanina (CPO-A) 
5 anticoagulant uaing convantlonal blood banking 
tachniquas. Tha blood unita (SOOal aach) vara 
cantrifugad at ISOOg for 5 ainutaa at roon 
taaparatura (22C) to raaova tha buffy coat and 
plaaaa. Tha packad RBC vara vaahad in iaotonic 

10 daxtrosa aalina according to standard vashing 

procaduraa [ii] using autoaatic call vashar (Modal 
2991, COBE, LaXavood, CO). Tha vaahad and paOcad RBC 
(about 85% haaatocrit) vara rasuspandad to about' 40% 
in lyophilization buffar as daseribad in Bxanpla 2. 

15 (ISOOaOsaol, pH 7.4). About 360g of tha RBC 

suspansion vara tranafarrad to plastic lyophilization 
bags and vara placad in a convantional pharaacautical 
ahalf fraasa-dryar (Cryophara Corporation, Paaadana, 
OA) and than fraaza-driad as daacribad in Exaapla 2. 

20 At tha and of tha lyophilization cycla, tha driad RBC 
vara rahydratad and raoonatitutad in phoaphata 
buffarad rahydration buffars daseribad in Exaapla 2 
(360aOsaol, pH 7.4) at 22C. Briafly, to rahydrata 
tha RBC, 600g of rahydration buffar vaa addad to tha 

25 driad RBC and than agitatad on a vriat action ahaJcar 
(Burral Corporation, Pittaburgh, PA) until tha RBC 
vara fully rahydratad. At tha and of tha 
rahydration, additional 600g of rahydration buffar 
was addad to tha saapla and than cantrifugad at I500g 

30 for 3 ainutaa. Tha supamatant vaa raaovad and tha 
packad RBC vara vaahad tvica in vaah buffars aa 
daacribad in Exaapla 2 by cantrifugation at 1500g, 
using COBE autoaatic call vashar. Raoonatitutad RBC 
vara aaaayad for glycolytic anzyaa activitias and 

35 intaraadiatas according to published aachods. 
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control blood .aaplM v«r« obtaift.d fro. tutologou. 
donors at tha ti>« of r«con.titution of lyophiiiz«d 
RBC. control RBC war* troatad aiailarly to 
rmconstitutod lyophlliz.d rbc with rospact to 
5 waahlng. in addition tha glycolytic anzy.. 

activitia. Of blood bank atorad rbc vara datarminad. 
Saa Tablas l and 2. 



lUta Of Adanina Muclaotida Synthaaia: Tha rata of 
adanina nuclaotida aynthaaia waa aaasurad by 

10 following tha incorporation of carbon I4.1aballad 
adanina into tha adanina nuclaotida peel in intact 
RBC according to tha Mthod daacribad by Zaraz at al. 
J. Lab. Clin. Mad. 114, 43-50 (1989). Briefly, tha 
RBC ware incubated with carbon 14-labelled adanina 

15 C) at 37C and at different tiaea aliquota were 
reaoved, >ixed with aaline and inediately inersed 
in boiling water for 60 aaconds. The aixture was 
Chilled at O'C and then centrifuged to reaove 
coagulated proteins. The resultant supernatant 

20 contained i*C-labelled adenine nucleotides along with 
an exceaa of ^*c-labelled adenine. A modification of 
the >ethod of Bershko [19] waa used to separate i*c- 
labelled adenine nucleotides from i*C-adanine and 
radioactivity waa counted in a liquid scintillation 

25 spaetrraeter (Model LS7500, Beckaan inatruaenta, 
Pullerton, CA) . 

The rate of Metheaoglobin Reduction: The rata of 
aatheaoglobin (aetBb) reduction in intact RBC was 
determined by using a publiahed aethod. Zeres at al. 

30 Blood 76, looa-1014 (1990). Briefly, to convert 
haaoglebin (Kb) to aetHb, waabed RBC were incubated 
for 10 Binutes at 37C in a aolution containing 0.1% 
(wt/v) NaNOa, «05aM MaeHP04, pH 7.4 and 154bM NaCl at 
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final paex«d call voluae of 25%. This r.aultad in 
95-100% of conversion of Hb to motHto. To r«mov« 
NaK03 R8C vmrm vashad 6 tiaas with 5 volua«« of 
isotonic salina. Tha vashad rbc vara rasuspandad in 
5 phosphata buffarad aalina containing lOaK D-glucoaa 
and incubatad at 37C. Aliquota vara vithdravn at 
diffarant intarvala. Tha pareantaga of mathamoglobin 
ranaining vaa aaaaxirad apactrophotoaatrically. 
Hagash at al. Clin. Chim. Acta 30, 679-682 (1970). 
10 Tha rata of aathaaoglobin rapair, praauaably by 
eonvarsion to oxyhaaoglobin, was astiaatad as 
dascribad by Zaraz at al. 8aa PXG. 1. 

Othar aathods: Ratas of ATP and lactata production 
vara dataminad by tha aatheda dascribad by Bautlar, 
15 Rad call Matabolisa: A Manual of Biochaaical 

Mathods, Bautlar, E., Ed., Gruna & stratton, 2nd Ed., 
pp. 122-146 (1984). 

Statistical Analysis: Diffarancas batvaan 

lyophilisad and non-lyophllizad SBC vara analyzad 
20 vith two tailad Studant's t-tast for pairad data. 
Coaparison batvaan lyophilisad and blood bank storad 
RBC vara aada using tvo tailad Studant's t-tast for 
indapandant data. Saa FIG. 2. 

Tabla 1. Suaaary of tha activitias of tha glycolytic 
25 ansyaas in haaolyaatas froa rahydratad lyophilisad 

and non-lvonhi pwr. 
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20 



25 



r.pr...nt th. t .d, for « .«pi... oat. 

froa blood buDc storod RBC m Indudod for 
coap«ri«on with r*hydrttod lyophilitod RBC. Total 
nuabor of blood bank saapla. analysad was 3. 
Abbraviation.: lyo, lyophili.ad; H-lyo, non- 
lyophiliiad; BB, Blood bank, ; N-R, noraal ranga; P, 
probability for conpariaon batvaan lyophili«ad and 
non-lyophilisad RBC; HO, not datactad; N8, not 
•ignificant.* Ensyaaa of Glycolytic Pathway; + 
Enzyaas of tha Pantoaa Phoaphata Pathway. 

Tha prafarrad uaaful raconatitutad RBCa ara 
30 charactarizad by haxokina.a (HX) activity of at l.aat 
0.9 aicroaola/ain/graa haaoglobin; 
diphoaphoglycaroautaaa (DPCM) activity of at laaat 
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3.0 micro«ol«/ain/gtt h«aogiobin; phoiphofnictokinase 
(PFK) activity of at Uaat 8.0 aicroaola/ain/graa 
haaoglobin; pyruvate kinase (PK) activity if at laast 
12.0 aicroaola/ain/ga heaoglobin; gluceB«-6-phoaphate 
5 dahydroganaaa (G-6-PD) of at laast 9.0 

aicroaola/ain/ga haaoglobin; 6-phoaphogluconata 
dahydroganaaa (6-PGD) of at laast 7.0 
aicroaola/ain/ga haaoglobin; at laast 0.5 
aicroaola/ain/ga haaoglobin aach of transaldolase 
10 (TA) and tranalcatolasa (TK) ; and at laast 6.0 

aieroaola/ain/ga haaoglobin of glutathiona raduetasa. 

Tabla 2. Coaparison of tha lavals of glycolytic 
intaraadiatas in rahydratad lyophilixad and fraah 

non-lvQPhllifd PBg. 
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D«t» r«prM«nt th« am ± s.D. for 6 saaplM. Normal 
valu«« ar« included in th« tabl« for eoapArison with 
prM*nt data. Abbr«viation« : lyo, lyophilizad; H- 
lyo, non-lyophili«ad; hv, norwl valu«s; p, 
5 probability for coapariaons batvaan lyophilizad and 
non-lyophilizad RBC. 

Tha praf arrad usaful raeenstitutad RBCa ara 
eharaetarizad by at laast SO imola/ga haaoglobin of 
glueosa-€-phosphata (6«P) ; at laast loO naela/ga 
10 haaoglobin of fruetoaa-l,6-diphosphata (PDF); at 
laast 2000 naola/ga haaoglobin of 2,3- 
diphesphoglyearata (2,3-OPC); and at laast 50 
naola/g» haaoglobin of pyruvata (pyr). 

Tha foragoing data providas avidanea that huaan rad 
15 calls lyophilizad and raconstltutad by tha procass of 
tha invantien ratain tha ability to radttca 
aathaaoglobin (nonfunctional) to tha physiological 
and oxygan-carrying stata, and to prasarva kay 
glycolytic anzyaa activitias at lavals ceaparabla to 
20 non-lyophilizad rad calls or rafrigaratad rad calls 
atorad by currant aathoda. Kay anzyaas includa 
haxolcinasa (HX) which has tha lovast activity in 
noraal calls, hanca is thought to ba tha rata- 
liaiting stap in tha pathway; and phosphefructokinasa 
25 (PPK) and pyruvata Icinasa (PK) , whosa raactions 
involva tha largast caleulatad fraa anargy changas 
batwaan substrata and product. 

Tha raconstltutad lyophilizad rad calls ratain tha 
activity of diphoaphoglyearoautasa, which in huaan 
30 rad calls shunts, 1,3-diphosphoglycarata (l,3-DPG), a 
glycolytic intaraadiata, to 2,3-DPC, which is a kay 
alloataric af factor of haaoglobin, and ragulatas tha 
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ablllty of haaoglebln to bind and dollvor oxy9en. 
Th« data ahovs ataady-atata lavala of tha aatabolic 
Intaraadiatas to induda lavals of glueoaa*6- 
phoaphata (G6P) , tha product of haxoklnaaa activity; 
5 fnictoaa-l,6-diphoaphata (POP), tha product of 

phoaphofructokinaaa activity; 2,3-0P6, tha product of 
diphoaphoglycaroautaaa activity; and pyruvata (pyr) , 
tha product of pyruvata kinaaa (PK) activity. 
Purtharaora, tha anzyaaa of tha pantoaa phoaphata 

10 ahunt ara functional; thia pathway aarvaa two vital 
functions in tha rad call: it producaa anargy (ATP) 
and ribcaa-S-phoaphata (R-5-P) uaad to aaka raducad 
glutathiona aa part of tha call 'a norul antioxidant 
dafanaa ayatam, and it producaa 5-phoaphoriboayl 

15 pyrophoaphata (PRPP) , an intaraadiata uaad to aaka 
adanina nuclaotidaa from axoganoua adanina (axoganoua 
adanina is iaportad into tha call fron plaaaa, or in 
rafrigaratad atorad calla frea conarcial atoraga 
aolutiona aueh aa CPDA-l: citrata/phoaphata/daxtroaa/ 

20 adanina). Finally, tha data auggasts kay high anargy 
intamadiatas such aa raducad nicotlnaaida adanina 
dinudaotida (NADB) and raducad nicotinamida adanina 
dinuclaotida phoaphata (NADPR) can ba aada via tha 
norsal glycolytic pathway in tha raconatitutad calla 

25 and thaaa raducad dinuclaotidaa ara kay eofactora for 
tha anzyaaa aathaaoglobin raductaaa (NAOB) and 
glutathiona raductaaa (NADPH) . 

Pros tha feragoing daacription, ena akillad in tha 
art can raadily aacartain tha aaaantial 
30 charactaristiea of tha invantion and, without 
daparting fros tha apirit and acopa tharaof , can 
adapt tha invantion to varioua uaagas and conditiona. 
Changaa in fom and aubatitution of aquivalanta ara 
eontaaplatad aa cireuaatancaa nay auggast or randar 
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•xp#di«,t, and although .pacific tarm. hava baan 
-Ployd har.in th.y ara i„t.ndad in a daacripUva 
•tfB and not for purpo.as of liaitation. 
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WHAT IS CIAIMED IS: 

1. A process for ths lyophilization of cells or 
csll-like materials, comprising: 

immersing a plurality of cells in a buffered 
solution which includes: 

a monosaccharide which is present in the 
solution in a concentration of from about 7.0 to 
37.5%, and 

a mixture comprising at least two different 
polymers, each of said polymers having a number 
average molecular weight in the range of about 
IK to about 600K, wherein the total 
concentration of said polymers is of from about 
0.7% up to saturation in the solution; freezing 
the solution; and 

drying the cells by sublimation of the water. 

2. The process of claim l wherein said polymers are 
amphipathic. 

3. The process of Claim I wherein one of said 
polymer has a molecular weight in the range of about 
20K to about 360K and another of said polymers has a 
molecular weight in the range of about lOOK to 500K. 

4. The process of Claim i wherein the 
monosaccharide is selected from the group consisting 
of pentoses and hexoses. 

5. The process of Claim 4 wherein the 
monosaccharide is selected from the group consisting 
of xylose, glucose, rlbose, mannose and fructose. 
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6. The process of Claia 3 wherein said nixture of 
polyaers comprises polyvinylpyrrolidone and 
hydroacyethyl starch. 

7. The process according to Clain i wherein said 

5 buffered solution further conprises an antioxidant, 
chelating agent, protein, or mixtures thereof. 

8. A process according to Claia 7 wherein said 
antioxidant conprises glutathione. 

9. A process according to Claia 7 wherein said 
10 antioxidant coaprises alpha-tocopherol . 

10. A process according to Claia 7 wherein said 
chelating agent coaprises EDTA. 

11. A process according to Claia 7 wherein said 
chelating agent coaprises desferrioxaaine. 

15 12. A process according to claia 7 wherein said 
protein coaprises bovine serua albuain. 

13. A process according to Claia 7 wherein said 
protein coaprises huaan serua albuain. 

14. A aedlua for the lyophilization of cells, 
20 coaprisiag: 

a buffered solution containing: 

a aonosaccharide which is present in the 
solution in a concentration of from about 7.0 to 
37.5%, and 

« aixture comprising at least two different 
polymers, each of said polymers having a 
molecular weight of from about IK to about 600K, 



-35- 

wherein the total which is present in a 
concentration of said polymers is from about 
0.7% up to saturation of the solution. 

15. A nedluB according to claim i4 wherein said 
5 polymers are aaphipathic. 



16. A medium according to Claim 14 wherein one of 
•aid polymers has a molecular weight in the range of 
about 20K to about 360K and another of said polymers 
has a molecular weight in the range of about lOOK to 

10 500X. 

17. The medium of Claim 14, 15, or 16 wherein the 
monosaccharide is selected from the group consisting 
of pentoses and hexoses. 

18. The medium of Claim 17 wherein the 

15 monosaccharide is selected from the group consisting 
of xylose, glucose, ribose, mannose and fructose. 

19. The medium of Claim 18 wherein said mixture of 
polymers comprises polyvinylpyrrolidone and 
hydroxyethyl starch. 



20 20. A medium according to Claim 19 wherein said 

polyvinylpyrrolidone has a molecular weight of about 
24K and said hydroxyethyl starch has a molecular 
weight of about SOOK. 

21. A medium according to Claim 19 wherein said 
25 polyvinylpyrrolidone has a molecular weight of about 
24K and said hydroxyethyl starch has a molecular 
weight of about 200K. 
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22. A Mdlua according to Claim 19 wharain aaid 
polyvinylpyrrolidona has a aolacular waight of about 
360K and aaid hydroxyathyl starch has a aolacular 
waight of about 500K. 

5 23. A MdiuB according to Clain 14 furthar 
coapriaing an antioxidant, chalating agant or 
protain. 

24. A aadiuB according to Claia 23 vharain said 
antioxidant coaprisas glutathione. 

10 25. A aadiuB according to Claia 23 vharain said 
antioxidant coaprisas alpha-tocopharol. 

26. A aadiuB according to Claia 23 vharain said 
chalating agant coaprisas EDTA. 

27. A aadiuB according to Claia 23 vharain said 
15 aadiua coaprisas dasfarrioxaaina. 

28. A aadiua according to Claia 23 vharain said 
protain coaprisas bovina sarua albuain. 

29. A aadiua according to claim 23 vharain said 
protain coaprisas human sarua albuain. 

20 30. A aadiua for raconstituting lyophilirad blood 
calls, coaprising: 

a buffarad solution containing a polyaar 
having a nuabar avaraga aolacular vaight in tha ranga 
of about IK to 600K. 



25 



31. A aadiua according to Claia 30 vharain said 
polyaar is aaphipathic. 
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32. A medium according to Claim' 31 wherein said 
molecular weight is in the range of IK to 360K. 

33. A nediuB according to Claim 32 wherein said 
polymer comprises polyvinylpyrrolidone. 

5 34. A medium according to Claim 33 wherein said 
polymer is present in a concentration range of l to 
20 weight by volume %. 

35. A medium according to Claim 34 comprising about 
10% 24K polyvinylpyrrolidone. 

10 36. A medium according to Claim 34 comprising about 
19.0% lOK polyvinylpyrrolidone. 

37. A medium according to Claim 35 or 36 comprising 
about 1.47 mM KH2PO4, about 100.7 mM NaCl, and about 
8.1 mM Na2BP04. 

15 38. A medium according to Claim 30 further 
comprising an antioxidant, chelating agent or 
protein. 

39. A medium according to Claim 38 wherein said 
antioxidant comprises glutathione. 

20 40. A medium according to Claim 38 wherein said 
antioxidant comprises alpha-tocopherol. 

41. A medium according to Claim 38 wherein said 
chelating agent comprises EOTA. 

42. A medium according to Claim 38 wherein said 
25 chelating agent comprises desferrioxamine. 
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43. A ■•diuffl according to Claim 38 wharain .aid 
protain cooprisas bovine aarua albumin. 

44. A aadiuB according to Claim 38 wharain said 
a«dium coaprisas human aarua albumin. 

5 45. A aadiuB for washing raconatitutad blood calls, 
comprising; 

a buffarad solution containing a polyaar 
having a nuabar avaraga aolacular vaight in tha range 
of about IK to 600K; inosina; adenine, nicotinic 
10 acid, glutaaine, and a monosaccharide. 

46. A medium according to Claim 45 wherein said 
polymer is emphipathic. 

47. A medium according to Claim 46 wherein said 
molecular weight is in the range of IK to 360K. 

15 48. A medium according to Claim 47 wherein said 
polymer comprises polyvinylpyrrolidone. 

49. A medium according to Claim 47 wherein said 
polymer is present in a concentration range of i to 
20 weight %. 

20 50. A medium according to Claim 49 wherein said 

monosaccharide is selected from tha group consisting 
of pentoses and hexoses. 

51. A mediuB according to Claim 50 wherein said 
monosaccharide is selected from the group consisting 
25 of xylose, glucose, riboae, aannose and fructose. 
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52. A a«dlutt according to Claim 51 comprising about 
16% 24K polyvinylpyrrolidone. 

53. A aedixan according to Claim 51 comprising about 
16% 40K polyvinylpyrrolidone. 

54. A medium according to Claim 52 comprising about 
10.0 mM Inosine, 5.0 mM Adenine, 0.75 mM Hicotinic 
acid, 0.75 mM Glutamine, 0.49 mM HgClj 6H2O, 5.0 mM 
KCl, 75.0 mM NaCl, 10.3 mM Na2HP04 and 20.0 mM 
Glucose. 

55. A medium according to Claim 54 comprising 10 mM 
Inosine, 5 mM Adenine, 0.75 mM Nicotinic acid, 0.75 
mM Glutamine, 0.49 mM MCGI2 ^^jO, 30.0 mM KCl, 30.0 
mM NaCl, 10.0 mM Na2HPO4,«.7H20, and 20 mM Glucose. 

56. A medium according to Claim 45 further 
comprising an antioxidant, chelating agent, protein 
or mixtures thereof. 

57. A medium according to Claim 56 wherein said 
antioxidant comprises glutathione. 

58. A medixun according to Claim 56 wherein said 
medium comprises alpha-tocopherol . 

59. A medium according to Claim 56 wherein said 
chelating agent comprises EDTA. 

60. A medium according to Claim 56 wherein said 
chelating agent comprises desferrioxamine. 

61. A medium according to Claim 56 wherein said 
protein comprises bovine serum albumin. 
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62. A TOiua according to Claim 56 wharain .aid 
protein eoaprisM human ■•run albumin. 

63. A B«diuB for rMu«p«iding a vashad blood call 
co.pri.ing a buf farad aolution containing .odium 

5 pyrophcphata, KCl, kh^po^, NajHPO^ and ATP. 

64. A madium according to Claim 63 compri.ing about 
61.1 BM .odium pyropho.phata, 1.19 mM KCl, 0.88 mM 
KH2PO4, 11. 1 BM Mad, 4.86 BM Na2HP04, 8.89 bM ATP. 



10 



65. A BadiuB for .uspanding blood call, for 
tran.fu.ion coapri.ing a buffarad aolution containing 
a polymar having a numbar avaraga molecular weight in 
the range of from about IK to 600K. 

66. A medium according to Claim 65 wherein said 
polymer i. aaphipathic. 

15 67. A Bedium according to Claia 66 wherein .aid 
Bolecular weight i. in the range of 1 to lOK. 

68. A Bedium according to claim 67 wherein said 
polymer comprise, polyvinylpyrrolidone. 

69. A medium according to Claim 68 wherein said 

20 polymer is preeent in a concentration range of 1 to 
20 weight %. 



70. A medium according to Claim 69 further 
compriaing a Bono.accharide .elected from the 
con.i.ting of pento.es and hexo.e.. 



5 
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71. A .•diua according to Claim 70 wharain said 
monosaccharide is salacted fro« the group consisting 
Of xylosa, glucose, ribose, mannose and fructose. 

72. A medium according to Claim 7i comprising about 
10% 2.5K polyvinylpyrrolidone. 

73. A medium according to Claim 72 comprising about 
68.4 DM NaCl, 5.0 mM NajHPO^, 10. 0 mM Gluco.e. 

74. A process according to Claim i further 
comprising the step of reconstituting the dried cells 
in a buffered solution containing a polymer having a 
number average molecular weight in the range of about 
IK to 600K. 

75. A process according to Claim 74 further 
comprising the step of washing the reconstituted 
cells in a buffered wash solution containing a 
polymer having a number average molecular weight in 
the range of about IK to 600K/ inosine; adenines- 
nicotinic acid; glutamine and a monosaccharide. 

76. A process according to. any one of claims i 
20 through 6, 74 or 75 wherein said cells comprise 

erythrocytes. 

77. A process according to any one of Claims 1 
through 6, 74 or 75 wherein said cells comprise 
platelets. 

25 78. A process according to any one of claims l 

through 6, 74 or 75 wherein said cells comprise cells 
cultured In vitro . 



15 
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79. A proe«ss according to any on* of Claims l 
through 6, 74 or 75 wharain said calls conprisa 
paripharal blood calls. 



80. A proeass according to 
through 6, 74 or 75 wharain 
calls. 

81. A proeass according to 
through 6, 74 or 75 wharain 
comprisas liposoaas. 

82. A proeass according to 
through 6, 74 or 75 wharain 
coaprisas haaosomas. 



any ona of Claims i 

said calls coaprisas staa 

any ona of Claias 1 
said call-lika aatarial 



any ona of Claias 1 
said call-lika aatarial 



83. A proeass according to any ona of Claias l 
through 6, 74 or 75 wharain said call-lika aatarial 
coaprisas call aaabrana ghost praparations. 

84. A proeass according to Claia 78 wharain said 
cult\irad calls coaprisad aaamalian calls. 

85. A proeass according to Claia 84 wharain said 
naanalian culturad calls coaprisas hybridoaa cells. 

86. A lyophilizad raconstitutad blood call 
coaposition having an osaotic stability in whola 
blood of at laast 60%. 

87. A lyophilizad raconstitutad rad blood call 
coaposition having a DlCaax) that is at laast 50% of 
tha DI(Bax) aaasurad with frash rad calls. 
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88. A lyophilized raconstituted red blood cell 
coapoeitlon having an average cell density of at 
least 1.083 ± 0.002 grams/al. 

89. A coaposition according to any one of Claims 86 
5 through 86 wherein said red blood cells comprise 

hiiman red blood cells. 

90. A transfusibly useful red blood cell composition 
vherein said red blood cells are characterised by at 
least 60% osmotic stability in whole blood, 01 (max) 

10 at least 50% of fresh red blood cells, and average 
cell density at least 1.083 ± 0.002 g/ml. 

91. A product prepared by any one the processes of 
Claims 1 through 13. 

92. A product according to the process of Claim 76. 
15 93. A product according to the process of Claim 77. 

94. A product according to the process of Claim 78. 

95. A product according to the process of Claim 79. 

96. A product according to the process of Claim 80. 

97. A product according to the process of Claim 81. 
20 98. A product according to the process of Claim 82. 

99. A product according to the process of Claim 83. 

100. A product according to the process of Claim 84. 
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101. A product according to tha procaaa of claim 85. 

102. A procaaa according to Claim 76 wharain aaid 
•rythrocytaa ratain a mathamoglobin rapair half-life 
of laaa than 30 hours. 

5 103. A procaaa according to claim 76 wharain said 
arythrocytas aaintain phyaiological activity lavals 
of anzyaas of tha glycolytic pathway. 

104. A procaaa according to claim 103 wharain said 
anzyaa activity conprisaa haxokinaaa (HX) activity of 

10 at laast 0.9 »icro«ola/«in/gram hamoglobin. 

105. A procass according to Claim 103 wharain said 
anzyma activity comprisas diphosphoglycaromutaaa 
(DPGM) activity of at laast 3.0 aicromola/min/gram 
hamoglobin. 



15 



106. A procaaa according to claim 103 wharain said 
•ntyma activity comprisas phosphofructolcinasa (PPK) 
activity of at laast 8.0 aicromola/min/gram 
hamoglobin. 

107. A procass according to Claim 103 wharain said 
20 anzyaa activity comprisas pyruvate kinaaa (PK) 

activity of at laast 12.0 micromola/min/gram 
hamoglobin. 



25 



108. A procass according to Claim 76 wharain aaid 
•rythrocytaa comprise physiological levels of 
glycolytic chemical intermediates. 
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109. A process according to Claim 108 whsroin said 
cheaical intsmediates conprise glucose-e-phosphate 
(G6P) of at Isast 50 mnole/gran hsaoglobin. 

110. A process according to claim 108 whsrsin said 
5 chsBical intsraediates coaprise f ructose-l , 6- 

diphosphats (FDP) of at Isast 100 nnols/gran 
hemoglobin. 



111. A process according to Claim 108 wherein said 
chemical intermediates comprise 2,3- 

10 diphosphoglyeerate (2,3-DPG) of at least 2000 
nmole/gram hemoglobin. 

112. A process according to Claim 108 wherein said 
chemical intermediates comprise pyruvate (pyr) of at 
least 50 nmole/gram hemoglobin. 



15 113. A process according to Claim 76 wherein said 
erythrocytes comprise physiological activity levels 
of enzymes of the pentose phosphate shtint. 

114. A process according to Claim 113 wherein said 
enzymes comprise glucose-6-phosphate dehydrogenase 

20 (G-6-PD) of at least 9.0 micromole/min/gram 
hemoglobin. 

115. A process according to Claim 113 wherein said 
enzymes comprise 6-phosphogluconate dehydrogenase (6- 
PGO) of at least 7.0 micromole/min/gram hemoglobin. 

25 116. A process according to Claim 113 wherein said 
enzymes comprise transaldolase (TA) of at lest 0.5 
micromole/min/gram hemoglobin. 
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117. A proe«sB •ccording to Clain 113 wh«r«in said 
•nzyatts eoapris* transk«tola«« (tk) of at laast 0.5 

BicroBOla/Bin/gran haaoglobin. 

118. A procass according to Claim 76 wharain said 

5 arythrocytaa ccnprisa physiological activity lavals 
of tha anzyaa glutathiona raductaaa of at laast 6.0 
■lcroBOla/«ln/gran haaoglobin. 

119. A proeass according to any of Claiu 102 through 
118 vharain said arythrocytas eomprisa huaan 

10 arythrocytas. 

120. A product according to tha procass of Claim 102. 

121. A product according to ths procass of claim 103. 

122. A product according to tha procass of Claim 104. 

123. A product according to tha procass of Claim 105. 
15 124. A product according to tha procass of Claim 106. 

125. A product according to tha procass of Claim 107. 

126. A product according to tha procass of Claim 108. 

127. A product according to tha procass of Claim 109. 

128. A product according to tha procass of Claim lio. 
20 129. A product according to tha procass of Claim ill. 



130. A product according to tha procass of Claim 112. 
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131. A product according to the process of Claim 113. 

132. A product according to the process of Claim 114. 

133. A product according to the process of Claim 115. 

134. A product according to the process of Claim 116. 
5 135. A product according to the process of Claim 117. 

136. A product according to the process of Claim 118. 

137. A product according to the process of Claim 119. 

138. A lyophilited reconstituted red blood cell 
composition having physiological activity levels of 

10 enzymes that comprise the glycolytic pathway. 

139. A lyophilited reconstituted red blood cell 
composition having a physiological half life for 
methemoglobin repair. 

140. A lyophilized reconstituted red blood cell 

15 composition having physiological activity levels of 
glutathione reductase. 

141. A lyophilized reconstituted red blood cell 
composition having physiological activity levels of 
enzymes that comprise the pentose phosphate shunt. 

20 142. A lyophilized reconstituted red blood cell 

composition having physiological levels of chemical 
intermediates that comprise the glycolytic pathway. 
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143. A eoqpoaltion according 
through 142 vhoroln said rod 
huaan rod blood colls. 



to any ono of Clalas 138 
blood colls coaprlso 



144. A trsnsfusibly usoful rod blood coll eoaposition 
5 vhoroin said rod blood colls aro eharaotorisod by 
physiological activity lovoU o£ onzyMs that 
ce^riso tho glycolytic and pontoso shunt pathways, 
physiological activity lovols of glutathiono 
roduetaso, physiological half lifo of Mthoroglobin 
10 ropair, and physiological lovols of glycolytic 
chOBieal intoraodiatos. 



145. A transfusibly usoful rod blood coll eoaposition 
as in ClaiB 144 vhoroin said rod blood colls cospriso 
huaan rod blood colls. 
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